In this paper, a new form of printed antenna for a five-band C-band applications is presented. The proposed antenna consists of six simple rectangles, whose geometry resembles all the "hand" of man. By varying the geometries and dimensions of these six rectangles, five different resonance modes can be effectively created for five distinct frequency bands, respectively. The overall dimension of the proposed antenna can reach 45 × 50 × 2.54 mm 3 . The simulated results show that the presented antenna is adapted to 4.6/5.24/5.6/6.7/7.3 GHz five bands which are applied to C-band.
Introduction
In the wireless communication system, a wide range of development of technology are present today. With this advanced development, it is necessary to change a patch antenna which operates in a single frequency band, to a single antenna operating in multiple frequency bands. A multiband antenna is very interesting because it is a profitable solution for the communication system [1] [2] . Recently, many researchers have focused on the realization of different types of antennas in multi-band, such as [3] [4] . Many types of antennas have been pro-posed to realize multi-band applications. For example, a new shape of antenna was presented for mobile applications [5] . In [6] , An antenna is composed of three simple circular arc-shaped strips, which resembles to the geometry proposed "ear" type to create a triple bands functioning for WIMAX/WLAN applications. In spite of antennas have many advantages, there are still some performances to improve. In [3] , [4] and [6] , these multi-band antennas are limited to three or two bands work. For example, in [7] a reconfigurable antenna with two frequency bands is studied which limit the working modes of communication systems. Moreover, the shape and geometry of the antenna are acting directly on the design and the cost.
In this paper, a five-band antenna WLAN/WiMAX/HiperLAN2 C-band applications is proposed. The antenna is composed of five rectangles with different dimensions and geometries which looks like a "hand" of man. The overall dimensions of the proposed antenna can achieve only 40 × 50 × 2.54 mm 3 . The simulations show that the antenna can effectively cover five separated bandwidths (4.59 -4.7 GHz), (5.19 -5.3 GHz), (5.58 -5.68 GHz), (6.69 -6.79 GHz) and , that satisfy the requirements of the C-band application. In addition, the antenna is well adapted to five bands with a good result in satisfactory gain in five frequency bands work.
In Part 2, we will present the quintuple-band compact antenna with a comparison of the simulation results of the simple patch antenna. Finally, we will provide the conclusion in Part 3. Figure 1 shows the geometry of the quintuple-band which is constituted of five bands shaped rectangles that corresponds to the human fingers for WLAN/WiMAX/HiperLAN2/C-band. The antenna is adapted to 50 Ω, the patch "hand" is printed on top of the substrate with the dielectric constant equal to 3 and a thickness h equal to 2.54 mm, and the ground plane is printed on the other side of the dielectric substrate. The overall size of the proposed antenna is 50 × 45 × 2.54 mm 3 . CST Microwave Studio was used to obtain the results of the return loss of the antenna shown in Figure 1 [8]. For brevity, the basic geometry of the single antenna is not presented in this document.The physical dimensions of the antenna patch are done by the following formulae [9] . where W is the optimal width of the patch. 
Antenna Design and Simulation
The length e L is determined by:
where L is the length, W is the width and C the speed of light. f is the frequency of the proposed antenna , λ 0 the wavelength, is effective permittivity and is relative permitivity of substrate. In Figure 2 , the simulation results of planar monopole antenna and antenna in the form of the "hand" of man are combined with a good adaptation almost to the desired band. According to the results of Figure 2 , we can observe that the proposed antenna can effectively cover five separate bands (4.59 -4.7 GHz), (5.19 -5.3 GHz), (5.58 -5.68 GHz), (6.69 -6.79 GHz) and (7.23 -7.38 GHz) who can satisfy all WLAN, Wimax HiperLAN2 bands for C-band applications.
However, the basic antenna covers only two separate bands (5.97 -6.1 GHz) and (6.8 -7.1 GHz) witch limit the areas of application of the latter.
The simulated input impedance of reference antenna patch basique and the proposed antenna are shown in Figure 3 . From the results, we can see the antenna is well adapted to the five bands frequency 4.6/5.24/5.6/6.7/ 7.3 GHz. However, the basic antenna is adapted for 6 and 7 GHz.
According to the mechanism of radiation of the proposed antenna, we must have quintuple-bands for which the antenna is adapted. However, when we change some key elements we can have more freedom to control the radiation performance of the antenna. In this case, the overall dimensions of the antenna "hand" (i.e. L4, L5 and L6) are the most important parameters that affect all of the radiation characteristics of the antenna. Obviously, this is because they are the main parameters controlling the transmission of the new proposed antenna shape. Figure 4 shows the effect of these parameters in the control of the return loss. From these curves, we can observe that the level of the return loss is adapted at 4.6 GHz, in the case of the first band is strongly controlled by L4. On the other hand, Dimensions L4, L5 and L6 largely control the return loss of 5.24 and 5.6 GHz. Second, for the remaining two frequencies 6.7 and 7.3 GHz, we perceive that they are controlled by L4 and L6.
Therefore, by adjusting these parameters, an antenna shaped like a "hand" of the man who radiated in five selected bands can be achieved. Furthermore, a parametric study obtained for these dimensions in terms of the return loss is shown in Figure 5 . As can be seen, the relative permittivity has a substantial effect on the radiation of the antenna for the five bands. Figure 6 illustrates the realised gain of the proposed antenna. Average gain are about 6.95, 6.14, 6.9, 6.21 and 5.76 dBi for 4.9, 5.24, 5.6, 6.7 and 7.3 GHz repectiverly. So, we can see that the antenna can provide stable gains in the five frequency bands of work. Radiation characteristics above show that this antenna is a good antenna for Table 1 . 
Conclusion
In this paper, hand geometrical structures with interest transformation properties have been studied for multiband wireless communications antenna applications. A new geometry printed antenna quintuple-band was developed. By optimizing the five bands in the shape of human "hand", five bands can be efficiently obtained for WLAN/WiMAX/Hiper LAN2/C-band applications, which are verified by simulated results. This antenna five bands gives good electromagnetic properties, they could be used in wireless communication systems.
